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ABSTRACT 

Ciguatera  i s  a form of f i s h  poisoning caused by i n g e s t i o n  of 
c e r t a i n  s p e c i e s  of f i s h .  This  s tudy d e a l s  w i t h  t h e  d i s t r i b u -  
t i o n  of c igua tox ic  f i s h e s  i n  waters of t h e  Northwestern 
Hawaiian I s l a n d s  (NWHI) and with a market sampling program 
t o  d e t e c t  and remove c igua tox ic  amberjack o r  kahala ,  S e r i o l a  
dumer i l i ,  p r i o r  t o  i t s  sale t o  t h e  pub l i c .  The r e s u l t s  showed 
t h a t  c igua tox ic  f i s h  occurred throughout t h e  e n t i r e  NWHI from 
Nihoa t o  Kure I s l a n d .  There were no d e t e c t a b l e  t r ends  i n  
r e j e c t i o n  rate of t h e  NWHI f i s h e s  with r e spec t  t o  a r e a  of cap- 
t u r e ;  however, t h e  a n a l y s i s  of d a t a  c o l l e c t e d  on kahala ind i -  
ca t ed  a higher  incidence of t o x i c  f i s h e s  i n  t h e  Nihoa-Raita 
Bank region.  
1979, t h e  r a t e  of r e j e c t i o n ,  based on a r e c e n t l y  developed 
radioimmunoassay, w a s  h ighe r  among f i s h e s  i n  t h e  snapper- 
grouper complex. These included Caranx i g n o b i l i s ,  s. c h e i l i o ,  
S e r i o l a  dumer i l i ,  Epinephelus quernus,  E t e l i s  carbunculus,  
Lut janus kasmira, and Pris t ipomoides f i lamentosus.  Among 
inshore  s p e c i e s  sampled by t h e  Nat ional  Marine F i s h e r i e s  Ser- 
v i c e  and t h e  H a w a i i  Divis ion of F i sh  and Game, p a r t i c u l a r l y  high 
i n  r e j e c t i o n  was Kuhlia s andv icens i s  and Che i l inus  rhodochrous, 
followed by M y r i p r i s t i s  amaenus, E. murdjan, Mugil cephalus ,  
Caranx melampygus, Polydactylus  s e x f i l i s ,  and C. i g n o b i l i s .  Of 
926 kahala  sampled between A p r i l  and December 1979, 116 f i s h  o r  
13% were r e j e c t e d .  The rate of r e j e c t i o n ,  high i n  April-May, 
decl ined s t e a d i l y  t o  December. The r e s u l t s  also showed a low 
p o s i t i v e  bu t  s i g n i f i c a n t  c o r r e l a t i o n  between f i s h  s i z e  and 
t o x i c i t y .  

Of t h e  47 NWHI s p e c i e s  t e s t e d  between 1977 and 

-- 

Northwestern Hawaiian I s l a n d s  
c i g u a t  era 
amber j ac  k 
snapper-grouper complex 
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IBTRODUCTION 

C igua te ra ,  a d i s e a s e  wi th  c e r t a i n  c h a r a c t e r i s t i c  neurotoxic  and 
g a s t r o e n t e r i t i c  symptoms produced by i n g e s t i o n  of a wide v a r i e t y  of 
f i s h  belonging t o  groups such as t h e  snappers ,  groupers ,  j a c k s ,  ba r r a -  
cudas,  su rgeonf i shes ,  and wrasses from t o x i c  areas, appea r s  t o  be wide- 
spread throughout t h e  oceanic  i s l a n d s  of t h e  P a c i f i c  between t h e  30' 
p a r a l l e l s  of l a t i t u d e  (He l f r i ch  e t  a l . ,  1968).  The occurrence of 
c i g u a t e r a  i n  some v a l u a b l e  food s p e c i e s  found i n  t h e  c e n t r a l  P a c i f i c  
a f f e c t s  no t  only t h e  popu la t ion  by causing i l l n e s s  bu t  a l s o ,  as i s  
o f t e n  t h e  case, dep r ives  them of a major source of much needed p r o t e i n .  
I n  areas t h a t  are s e r i o u s l y  a f f e c t e d ,  i t  has  r e s t r i c t e d  f u l l  development 
of f i s h e r i e s  and u t i l i z a t i o n  of t h e  a v a i l a b l e  f i s h  s t o c k s .  

A t  t h e  o u t s e t  of t h e  Northwestern Hawaiian I s l a n d s  (NWHI) survey 
and assessment i n v e s t i g a t i o n ,  p rov i s ions  were made t o  conduct sampling 
f o r  c i g u a t o x i c  f i s h e s  based on documented outbreaks of c i g u a t e r a  occur- 
r i n g  no t  only among t h e  c i v i l i a n  popu la t ion  i n  t h e  major Hawaiian 
I s l a n d s  but  a l s o  among U.S. nava l  and c i v i l i a n  personnel  s t a t i o n e d  a t  
Midway I s l a n d s .  It occurred t o  u s  t h a t  c i g u a t o x i c  f i s h e s  may a l s o  be 
found elsewhere i n  t h e  a rch ipe lago  and t h a t  t h e  s u c c e s s f u l  marketing of 
f i s h e s  caught i n  t h e  NWHI would depend t o  a l a r g e  e x t e n t  on t h e  whole- 
someness of f i s h e s  from t h i s  area. 

Together w i t h  t h e  H a w a i i  D iv i s ion  of F i sh  and Game  (HDFG), t h e  
Honolulu Laboratory of t h e  Southwest F i s h e r i e s  Center ,  Na t iona l  Marine 
F i s h e r i e s  Se rv ice  (NMFS), i n i t i a t e d  an ex tens ive  sampling program t o  
s tudy  t h e  occurrence and d i s t r i b u t i o n  of c i g u a t o x i c  f i s h e s  i n  t h e  near- 
shore and o f f s h o r e  waters of t h e  M I .  

I n  t h e  s p r i n g  of 1979, fol lowing a sudden outbreak of c i g u a t e r a  
among t h e  l o c a l  populace,  t h e  Honolulu l a b o r a t o r y ,  t oge the r  w i t h  o t h e r  
s t a t e  agenc ie s  and t h e  f i s h i n g  i n d u s t r y ,  a l s o  began a p r o j e c t  of rou- 
t i n e l y  sampling and p r e t e s t i n g  amberjack o r  kahala ,  S e r i o l a  dumer i l i ,  
which had been implicated i n  most of t h e  outbreaks.  By mid-April 1979, 
information supp l i ed  by v a r i o u s  governmental agenc ie s  and f i s h  retailers 
i n d i c a t e d  t h a t  about 30 t o  35 r e c e n t  outbreaks could be documented and 
t h a t  perhaps another  50 t o  100 i n d i v i d u a l s  were a f f e c t e d  bu t  had no t  
r epor t ed  i t  t o  t h e  h e a l t h  a u t h o r i t i e s .  

P r i o r  t o  1977, c i g u a t e r a  r e sea rch  throughout t h e  P a c i f i c  r e l i e d  on 
r e l a t i v e l y  crude b ioassays  t o  d e t e c t  t h e  presence of t o x i n  i n  f i s h  tis- 
sues  (Banner e t  a l . ,  1960, 1961). It  w a s  not  u n t i l  1977, when two s i g -  
n i f i c a n t  breakthroughs were announced, did r e s e a r c h e r s  see any way t o  
s o l v e  some of t h e  p r e s s i n g  problems dea l ing  w i t h  c i g u a t e r a .  One was t h e  
discovery of a d i n o f l a g e l l a t e ,  o r i g i n a l l y  m i s i d e n t i f i e d  as D i p l o p s a l i s  
s p . ,  bu t  subsequent ly  i d e n t i f i e d  a s  a new s p e c i e s ,  Gambierdiscus tox icus ,  
as t h e  l i k e l y  c a u s a t i v e  agen t  i n  c i g u a t e r a  ou tb reaks  (Yasumoto e t  a l . ,  
1977)  and t h e  o t h e r  was t h e  development of t h e  radioimmunoassay ( R I A )  
method of d e t e c t i n g  c igua tox in  by s c i e n t i s t s  a t  t h e  Un ive r s i ty  of H a w a i i  
John A .  Burns School of Medicine, Department of Pathology (Hokama e t  a l . ,  
1977).  
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METHODS 

I n i t i a l l y ,  our  sampling e f f o r t  w a s  concentrated on commercially 
important  s p e c i e s ;  however, i f  t i m e  and circumstances pe rmi t t ed ,  w e  a l s o  
sampled o t h e r  less v a l u a b l e  s p e c i e s .  From each f i s h ,  w e  ob ta ined  t i s s u e  
samples from t h e  d o r s a l  musculature  (A), v e n t r a l  abdominal musculature  
( B ) ,  gonads (C), and l i v e r  ( D ) .  Subsequently,  l i v e r  c o l l e c t i o n  w a s  d i s -  
cont inued and a d d i t i o n a l  muscle t i s s u e  were c o l l e c t e d  from t h e  a n a l  
r eg ion  ( E ) .  

A t  sea as w e l l  as a t  t h e  United Fishing Agency a u c t i o n  market where 
only kahala  are sampled, each t i s s u e  c o l l e c t e d  is placed i n  a p l a s t i c  
v i a l ,  l a b e l e d ,  and e i t h e r  f rozen  (while a t  sea) o r  kep t  i n  t h e  f r e s h  
s t a t e  u n t i l  processed.  Data c o l l e c t e d  on t h e  f i s h  i n c l u d e  d a t e ,  c a t c h  
l o c a t i o n ,  water dep th ,  sex, l e n g t h ,  weight ,  and vessel name. When i t  
w a s  n o t  p o s s i b l e  t o  o b t a i n  exac t  ca t ch  l o c a l i t y ,  p a r t i c u l a r l y  f o r  many of 
t h e  kaha la  sampled a t  t h e  f i s h  a u c t i o n  market, broad geographical  areas 
were s u b s t i t u t e d .  Obtaining d a t a  on ca t ch  l o c a l i t y  f o r  t h e  kahala  i s  
very d i f f i c u l t  o r  impossible  i n  some cases because fishermen who land 
t h e i r  ca t ches  t o  b e  auct ioned may have f i s h e d  several i s l a n d s  and banks 
du r ing  t h e  cour se  of a t r i p  and cannot provide exact information on 
where a p a r t i c u l a r  f i s h  w a s  caught .  

The samples are processed by the  Un ive r s i ty  of H a w a i i  Department of 
Pathology t o  determine t o x i c i t y  l e v e l s  of t h e  f i s h  t i s s u e s  from rad io -  
a c t i v e  coun t s  p e r  minute pe r  gram of t i s s u e  (c/m/g). 
f i s h  involved i n  c l i n i c a l l y  evaluated cases of c i g u a t e r a ,  and on mouse 
and mongoose t o x i c i t y  tests,  l e v e l s  of t o x i c i t y  were e s t a b l i s h e d  as f o l -  
lows (Y.  Hokama, Un ive r s i ty  of H a w a i i ,  John A. Burns School of Medicine, 
Pathology Department, Honolulu, pe r sona l  communication): 

Based on s t u d i e s  of 

c/m/g t i s s u e  Tox ic i ty  l e v e l s  

<350,000 
350,000 t o  399,999 

>399,999 

Negative 
Borde r l ine  
P o s i t i v e  

RESULTS 

About 16% of a l l  t h e  f i s h  sampled by NMFS and HDFG showed e i t h e r  
a p o s i t i v e  o r  b o r d e r l i n e  r e j e c t i o n  l e v e l  when t e s t e d  by t h e  R I A  method. 
Of t h e  1,494 f i s h  sampled, 1,250 were nega t ive ,  148 w e r e  b o r d e r l i n e ,  
and 96 were p o s i t i v e .  

Table  1 shows t h e  r e s u l t s  of t h e  R I A  f o r  f i s h e s  sampled by t h e  
HDFG i n  t h e  nearshore areas of t h e  NWHI. Because t h e  l i s t  of s p e c i e s  
sampled is  lengthy (624 f i s h ;  60 s p e c i e s )  and many of t h e  s p e c i e s  had 
few samples,  t h e  t a b l e  i n c l u d e s  only those s p e c i e s  f o r  which 10 o r  more 
samples were a v a i l a b l e  f o r  t h e  3 years--1977 through 1979--combined. 
Among t h e  s p e c i e s  t e s t e d ,  Chei l inus rhodochrous had a r e j e c t i o n  ra te  of 
71% which i s  e x c e p t i o n a l l y  high. 
w i t h  45%, E. murdjan and Mugil cephalus ,  both w i t h  18%, Caranx melampygus 
w i t h  14%, and Po lydac ty lus  s e x f i l i s  and C. i g n o b i l i s ,  both w i t h  13%. A l l  
of t h e s e  are commercially v a l u a b l e  on t h e  Hawaiian f r e s h  f i s h  market.  

Th i s  w a s  followed by M y r i p r i s t i s  amaenus 

83 



TABLE 1. THE NUMBER OF NEGATIVE ( n ) ,  BORDERLINE ( b ) ,  AND POSITIVE (p) 
REACTIONS (n-b-p) OBTAINED WITH THE RADIOIMMUNOASSAY CON- 
DUCTED ON FISHES CAUGHT DURING NEARSHORE SURVEYS CONDUCTED 
BY HAWAII DIVISION OF FISH AND GAME. ONLY SPECIES WHERE 10 
OR MORE SAMPLES WERE COLLECTED IN 1977-79 ARE INCLUDED.' 

Species  1979 Re jec t ion  1977 1978 
(73 

Carcharhi- menisorrah 
M y r i p r i s t i s  murdjan 
- M. amaenus 
Polydactylus  s e x f i l i s  
Kuhlia s andv icens i s  
Caranx Q n o b i l i s  
- C. melampygus 
Mulloidichthys f l a v o l i n e a t u s  
Kyphosus c ine rescens  
Mupi1 cephalus  
Bodianus b i l u n u l a t u s  

- -- 

-- ~ - -  
Che i l inus  rhodochrous 
Thalassoma dupe r rey i  
Acanthurus t r i o s  tepus 

~~~ 

8-0-0 
5-2-0 
4-3-1 
7-0-1 
2-1-2 

15-3-1 
3-0-2 
1-0-1 
2-1-0 
4-3-1 
3-0-5 
2-0-0 
0-1-1 
0- 2-0 

~~ 

3 -0 -0 
4-0-0 
2-1-0 

27-3-1 
47-2-0 
47-2-0 
9-0-0 

31-1-1 
11-0-0 
19-1-0 
53-1-0 
1-0-0 

53-1 -0 
52-0-0 

c, 
18 
45 
13 

9 
13 
1 4  

9 
7 

18 
10 
71 

5 
4 

'Data from Henry Okamoto, Aquatic B i o l o g i s t ,  H a w a i i  Divis ion of F i sh  and 
Game. 

Whereas t h e  HDFG concentrated t h e i r  sampling e f f o r t  on nea r shore  
f i s h e s ,  t h e  NMFS sampling included many of t h e  o f f s h o r e  s p e c i e s ,  
a l though some inshore  s p e c i e s  were included as a r e s u l t  of r e c r e a t i o n a l  
f i s h i n g  conducted during t h e  Cromwell's r e f u e l i n g  and rest s t o p s  a t  
Midway (870 f i s h ;  47 s p e c i e s ) .  From Table 2, i t  can be seen t h a t  among 
t h e  members of t h e  ca rang ids  w h e r e  10 o r  more samples were c o l l e c t e d ,  
Caranx i g n o b i l i s  had t h e  h i g h e s t  ra te  of r e j e c t i o n ,  reaching 32% from 
19 f i s h  sampled. This  was followed by 5. c h e i l i o  wi th  11% r e j e c t i o n  
and S e r i o l a  dumer i l i  w i th  10%. The only s p e c i e s  of s e r r a n i d ,  Epineph- 
e l u s  quernus,  sampled during our  survey had a r e l a t i v e l y  high r e j e c t i o n  
ra te  of 18%. Among t h e  snappers ,  3 of t h e  10 Etel is  carbunculus  o r  33% 
showed hazardous l e v e l s  of c igua tox in  followed by a 23% r e j e c t i o n  ra te  
among Lut janus kasmira. Pr is t ipomoides f i lamentosus a l s o  shoved a 
r e l a t i v e l y  high ra te  of r e j e c t i o n ,  reaching 15% i n  our  samples. Table  2 
shows t h a t  most of t h e  r e j e c t e d  f i s h  were sampled a t  Necker and French 
F r i g a t e  Shoals.  

Among t h e  i n s h o r e  f i s h e s  caught and sampled, only Kuhlia sandvicen- 
- sis showed alarmingly high l e v e l s  of c iguatoxin.  
27, o r  57%, w e r e  p o s i t i v e  o r  b o r d e r l i n e  according t o  t h e  RIA.  This  ra te  
of r e j e c t i o n  i s  considerably higher  than t h a t  obtained from t h e  HDFG 
nearshore samples c o l l e c t e d  from 1977 through 1979. 

Of t h e  47 f i s h  sampled, 

Most of t h e  o t h e r  f i s h e s  sampled w e r e  few i n  t o t a l  numbers; there-  
f o r e ,  i t  i s  d i f f i c u l t  t o  draw d e f i n i t e  conclusions about whether cigua- 
t o x i n  occurs  i n  any s i g n i f i c a n t  amounts i n  t h e i r  t i s s u e s .  None showed 
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excep t iona l ly  high r e j e c t i o n  r a t e s ,  a l though mention should be made of 
some members of t h e  f a m i l i e s  Muraenidae and Acanthuridae t h a t  showed 
presence of c igua tox in  i n  varying degrees .  These would inc lude  Gymno- 
thorax f l av imarg ina tus ,  5. hepa t i cus ,  Acanthurus t r i o s t e g u s  , and A. 
n ig ro r  i s .  

I n  t h e  kahala  t e s t i n g  program, which began i n  A p r i l  1979, t h e  
number of f i s h  t e s t e d  u n t i l  t h e  end of December 1979 reached 926. Of 
t h e s e ,  78 were b o r d e r l i n e  and 38 were p o s i t i v e  i n  t h e  R I A  f o r  a t o t a l  
r e j e c t i o n  of 116 f i s h ,  o r  13%. The r e j e c t i o n  ra te  w a s  r e l a t i v e l y  h igh  i n  
A p r i l  1979 when 63% of t h e  kahala  sampled were r e j e c t e d  but  decreased i n  
May t o  24%,  i n  June t o  16%, then f l u c t u a t e d  between 3 and 6% u n t i l  
December when t h e  r e j e c t i o n  ra te  r o s e  s l i g h t l y  t o  10% (Table 3 ) .  

TABLE 3. THE NUMBER OF KAHALA SAMPLED W I T H  R I A ,  BY MONTH, THE NUMBER 
AND PERCENTAGE OF NEGATIVE, BORDERLINE, AND POSITIVE REACTIONS 
OBTAINED WITH THE R I A ,  AND THE TOTAL NUMBER AND PERCENTAGE OF 
FISH REJECTED PRIOR TO SALE 

% Border- T o t a l  % P o s i t i v e  % l i n e  Toxic Negative % lg7’ Sampled 
~~ 

Apr . 52 19 37 10 1 9  23 44 33 63 
122 93 76 21 17 8 7 29 24 

June 174 14 7 84 24 1 4  3 2 27 1 6  
J u l y  153 149 97 4 3 0 0 4 3  
Aug . 92 88 96 4 4 0 0 4 4  
Sept .  73 71 97 2 3 0 0 2 3  
O c t .  90 8 7  97 3 3 0 0 3 3  
Nov . 65 6 1  94 1 1 3 5 4 6  
Dec . 105 95 90 9 9 1 1 10 10 

T o t a l  926 810 78 38 116 

According t o  information provided by t h e  f i s h i n g  v e s s e l s ,  t h e  area 
of c a p t u r e  of t h e s e  kahala  va r i ed  from as f a r  sou th  as t h e  i s l a n d  of 
H a w a i i  northwestward t o  Raita Bank, a d i s t a n c e  t h a t  spans 1,723 km. By 
geograph ica l  area,  then ,  i t  appears  t h a t  r e j e c t i o n  w a s  h ighe r  among 
kahala  caught i n  t h e  NWHI, p r i n c i p a l l y  from t h e  area between Necker and 
R a i t a  Bank, w i th  t h e  r e j e c t i o n  l e v e l  reaching 32% (Table 4 ) .  This  w a s  
followed by a r e j e c t i o n  ra te  of 29% among f i s h  caught o f f  t h e  sou th  
c o a s t  of Oahu, and a r a t e  of 24% among f i s h  caught off  Maui. F i shes  
caught a t  Penguin Bank a l s o  were r e j e c t e d  a t  a f a i r l y  high ra te  of 17% 

Of p a r t i c u l a r  i n t e r e s t  i s  the  r e l a t i o n s h i p  between f i s h  s i z e  and 
t o x i c i t y .  P r i o r  t o  t h e  s tar t  of t h e  kaha la  sampling program, sale of 
f i s h  weighing 9 kg (20  l b )  o r  more w a s  u s u a l l y  discouraged,  because 
c i g u a t e r a  outbreaks i n  t h e  p a s t  a l l e g e d l y  implicated f i s h  t h a t  were 
9 kg o r  more i n  weight.  Examination of our  d a t a  showed t h a t  t h e  s i z e  
of kahala  sampled between A p r i l  and December 1979 v a r i e d  from 0.57 to  
45.4 kg (1.25 t o  100.25 l b ) .  F i s h  t h a t  were r e j e c t e d  f e l l  i n  a range 
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TABLE 4 .  THE NUMBER OF KAHALA SAMPLED BY AREA AND THE NUMBER AND 
PERCENTAGE REJECTED BASED ON R-ESULTS OF RADIOIMMUNOASSAY 

Area of Capture Number Number x 
Sampled Rejected R e j e c t e d  

Gardner P innac le s  
Necker-Raita Bank 
Nihoa 
Kauai 
Oahu 

Sou theas t  Coast 
South Coast 
North Coast 

Mo l o  ka i 
Penguin Bank 
Maui 
Hawa i i 

East Coast 
South Coast 

Unknown 

153 
132 

1 
1 

34 
77 
32 

5 
151 

17 

19 2 
12 

119 

10 
42 
0 
0 

3 
22 

4 
0 

26 
4 

1 2  
0 
9 

6 
32 
0 
0 

8 
29 
1 2  
0 

1 7  
24 

6 
0 
7 

from 0.79 t o  26.88 kg (1.75 t o  59.25 l b ) .  P re l imina ry  a n a l y s i s  showed 
t h a t  t h e r e  i s  a low p o s i t i v e  but  s i g n i f i c a n t  c o r r e l a t i o n  between toxi-  
c i t y  l e v e l  ( t i s s u e  E) and f i s h  s i z e  ( r  = 0.101; df = 1,202; p < 0.01). 

DISCUSSION AND CONCLUSIONS 

The p re l imina ry  r e s u l t s  ob ta ined  from o u r  NWHI samples show some 
agreement wi th  those  g iven  by S y l v e s t e r  e t  a l .  (1977). 
grouper complex of f i s h e s  i n  t h e  V i r g i n  I s l a n d s  ( inc ludes  snappers ,  
groupers ,  g r u n t s ,  j a c k s ,  po rg ie s ,  t r i g g e r f i s h e s ,  f i l e f i s h e s ,  and 
wrasses ) ,  t h e  family Carangidae c o n t a i n s  t h e  most s p e c i e s  prone t o  b e  
c i g u a t o x i c ,  followed by snappers  and groupers .  A l l  are ca rn ivo res  
t h a t  a t t a i n  r e l a t i v e l y  l a r g e  s i z e s .  

I n  t h e  snapper- 

It  i s  i n t e r e s t i n g  t o  n o t e  t h a t  P r i s t i pomoides  f i l amen tosus ,  con- 
s i d e r e d  t o  be a top -qua l i ty  food f i s h  and h igh ly  p r i zed  on t h e  l o c a l  
f r e s h  f i s h  market,  had a r e j e c t i o n  rate of 15%. Y e t ,  t h i s  s p e c i e s  
has  never  been impl i ca t ed  i n  any ou tb reaks  among l o c a l  c i t i z e n s  (Kubota, 
1972). 

According t o  Hokama et  a l .  (1977), t h e  R I A  may produce " f a l s e  
p o s i t i v e s . "  
t o  non-toxic f i s h  could be due t o  s e n s i t i v i t y  of t h e  test ,  t o  c ros s -  
r e a c t i n g . a n t i g e n i c  de t e rminan t s ,  o r  t o  non-specif ic  binding.  There i s  
a l s o  t h e  p o s s i b i l i t y  t h a t  most, i f  not  a l l ,  marine f i s h e s  a l r e a d y  con- 
t a i n  low unde tec t ab le  l e v e l s  of c i g u a t e r a - l i k e  compounds. 
emphasized, however, t h a t  a l though some " f a l s e  p o s i t i v e s "  may occur  as 
a r e s u l t  of t h e  binding of anti-ciguatoxin-human serum albumin t o  non- 
t o x i c  f i s h  t i s s u e s ,  t h i s  should no t  d e t r a c t  from t h e  v a l u e  of t h e  test. 
A s  demonstrated by Hokama e t  a l .  (1977),  c l i n i c a l l y  documented t o x i c  f i s h e s  

The binding of t h e  anti-ciguatoxin-human serum albumin 

It should be 
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( f i s h e s  t h a t  have been a c t u a l l y  imp l i ca t ed  i n  c i g u a t e r a  outbreaks)  have 
given s i g n i f i c a n t l y  higher  c/m/g t i s s u e  than non-toxic f i s h e s .  

FUTURE RESEARCH NEEDS 

Although NMFS f i e l d  sampling included 47 s p e c i e s ,  most of which 
came from our  o f f s h o r e  s t a t i o n s ,  i t  appea r s  now t h a t  e f f o r t  w i l l  need 
t o  be r e d i r e c t e d  t o  g a t h e r  more d a t a  and samples from members of t h e  
f a m i l i e s  belonging t o  t h e  snapper-grouper complex, a l l  of which are 
commercially v a l u a b l e  i n  t h e  Hawaiian I s l a n d s .  With few excep t ions ,  
members of t h i s  complex showed va ry ing  rates of r e j e c t i o n  w i t h  t h e  RIA.  

P rocess ing  of b i o l o g i c a l  samples w i l l  con t inue  s o  t h a t  t h e  d a t a  
base  may be s t r eng thened  w i t h  r e s p e c t  t o  d i e t  and sexua l  m a t u r i t y  and 
r e l a t i o n s h i p s  of t h e s e  v a r i a b l e s  t o  t o x i c i t y  may b e  examined. Addi- 
t i o n a l  areal  and s e a s o n a l  coverage i s  a l s o  needed s o  t h a t  t h e  d i s t r i -  
b u t i o n  and seasona l  occurrence of c i g u a t o x i c  f i s h e s  can b e  more c l e a r l y  
understood. Also planned are in-depth s t a t i s t i c a l  a n a l y s i s  of t h e  d a t a  
c o l l e c t e d  from t h e  "HI f i s h e s  and of t h e  d a t a  c o l l e c t e d  i n  t h e  kaha la  
t e s t i n g  program. 

SUMMARY 

From 1977 through 1979, NMFS and HDFG sampled 1,494 f i s h  i n  t h e  near- 
s h o r e  and o f f s h o r e  waters of t h e  hwHI f o r  c i g u a t e r a  a n a l y s i s .  Of t h e s e ,  
244, o r  16%, were r e j e c t e d  because t h e  de t ec t ed  l e v e l s  of c igua tox in  wi th  
R I A  were considered hazardous t o  humans. Ciguatoxic  f i s h e s  occurred 
throughout t h e  NWHI and no apparent  t r end  could be seen i n  t h e i r  d i s t r i -  
bu t ion ,  I n  t h e  kahala sampling program, t h e  d a t a  i n d i c a t e d  a h ighe r  ra te  
of r e j e c t i o n  among f i s h  caught between Nihoa and Raita Bank than  among 
t h o s e  caught i n  waters around t h e  major i s l a n d s .  Of 926 kahala  sampled 
between A p r i l  and December 1979, 116 f i s h  o r  13% were r e j e c t e d .  Pre- 
l imina ry  a n a l y s i s  sugges t s  t h a t  t h e r e  e x i s t s  a low bu t  s t a t i s t i c a l l y  
s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  between kaha la  s i z e  and t o x i c i t y .  

Among t h e  o f f s h o r e  s p e c i e s  sampled by NMFS, t hose  t h a t  belong t o  
t h e  snapper-grouper coirplex showed a r e l a t i v e l y  high degree of rejec- 
t i o n ,  Nearshore s p e c i e s  t h a t  showed h igh  r e j e c t i o n  rates included 
Kuhlia s andv icens i s  and Che i l inus  rhodochrous. 
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